ABSTRACT-Scincella boettgeri and S. formosensis are two small lygosomine skinks endemic to the southern Ryukyus and Taiwan, respectively. Taxonomic separation of these two species depends on only a few external characters that are seemingly more or less variable within each species. To investigate the geographic pattern of their morphological variations, multivariate analyses were performed for 23 meristic and 16 morphometric characters in 680 specimens of S. boettgeri from 12 islands of the Miyako and Yaeyama Groups and 193 specimens of S. formosensis from ten localities in Taiwan. The canonical discriminant analysis (CDA) for samples representing local populations using meristic data completely separated the southern Ryukyu and Taiwanese assemblages, supporting their assignments to different taxa. On the other hand, the analyses using morphometric data remained their variations partially overlapping each other. Of the samples of S. boettgeri examined, the Haterumajima sample markedly varied from the others, whereas the Kaohsiung sample was somewhat divergent among the S. formosensis samples. Neighbor-joining phenograms derived from Mahalanobis distances among the samples showed branching patterns apparently inconsistent with the topographical (for S. formosensis) or putative geohistorical relationships of their localities (for S. boettgeri). This suggests that in these species external quantitative characters often rapidly vary under the influence of localized environments rather than of the passage of time after geographical isolations.
INTRODUCTION
Scincella boettgeri (Van Denburgh, 1912 ) and S. formosensis (Van Denburgh, 1912) are two small lygosomine skinks endemic to the Miyako and Yaeyama Groups of the southern Ryukyus, and Taiwan, respectively. Van Denburgh (1912a, b) described both of these taxa as subspecies of Leiolopisma laterale (Say, 1823) (= Scincella lateralis) from North America. He diagnosed them from each other, as well as from the nominotypical subspecies, on the basis of relative positions of prefrontals, the numbers of scales around the middle and along the middorsal line of body, and the degree of distinctness in the lower border of the dorso-lateral dark stripe. Van Denburgh's (1912b) account was followed by most subsequent authors. However, Schmidt (1927a, b) considered that the East Asian populations of Scincella are morphologically distinct from North American S. lateralis and that they deserve status as two separate species. Nakamura and Uéno (1963) , on the other hand, treated boettgeri and formosensis as subspecies of Lygosoma reevesii (Gray, 1838) (= S. reevesii) from the continental China.
Based on the external and osteological comparisons, Greer (1974) accepted Schmidt's (1927a, b) view and recognized the two taxa from subtropical East Asian islands as distinct from S. lateralis or S. reevesii at the specific level. He, on the other hand, suspected boettgeri and formosensis to be conspecific, but deferred the conclusion in this regard. In his revision of the Asian Scincella, Ouboter (1986) assigned populations from the whole East Asia, including those from the Korean Peninsula, Taiwan, the Ryukyu Archipelago, and the Tsushima Islands, to S. modesta (Günther, 1864), a species originally described from continental China (Günther, 1864), without recognizing validities of boettgeri, formosensis, and a few other East Asian nominotypical taxa. However, he apparently examined only a few, very small samples from that region, failing to access to even a single representative for either Ryukyu or Taiwanese populations (Ota, 1991b; Matsui Table 1 . 0  0  1  1  2  Total  222  162  291  198  873 and Ota, 1995). Besides being an important taxonomic subject by itself, the East Asian Scincella also seems to be a suitable material to examine historical biogeography in this region. The herpetofauna of the southern Ryukyus is considered to be close to that of Taiwan (Ota, 2000) , with most of its endemics supposedly split from Taiwanese counterparts through relatively recent vicariance events (Ota, 1998). However, very few studies have actually been conducted to assess geographic pattern of variation in lineages common to the southern Ryukyus and Taiwan. Moreover, most of the relevant studies hitherto carried out only used univariate analyses and qualitative comparisons (Ota, 1988 (Ota, , 1991a [1994] , and Yasukawa and Ota [1999] ). The southern RyukyuTaiwan Scincella populations are expected to be a suitable material to investigate continuity and discontinuity of variation in a terrestrial vertebrate lineage in this region, because (1) they commonly occur almost throughout this region, including small islets in the southern Ryukyus; and (2) the Taiwanese and southern Ryukyu populations are obviously closely related to each other (see above).
In this study we made quantitative analyses of morphological variation among the local populations of Scincella from Fig. 2 . Two-dimensional plots of scores of canonical variables for 23 meristic characters in Scincella boettgeri and S. formosensis: A, the first against the second variables in females; B, the first against the third variables in females; C, the first against the second variables in males; D, the first against the third variables in males. Sample numbers correspond to those in Fig. 1 and Table 1. the southern Ryukyus and Taiwan on the basis of large samples. Our purposes are: (1) to elucidate the comprehensive geographic pattern of their variation; (2) to assess the adequacy of taxonomic arrangements of those populations by the previous authors (see above); (3) to investigate historical biogeography of the southern Ryukyu-Taiwan area as illustrated by the pattern of their variation; and (4) to infer factors causing the quantitative morphological variation in the local lizard populations.
MATERIALS AND METHODS
In the following sections, we tentatively refer to the southern Ryukyu and Taiwanese populations of Scincella as S. boettgeri and S. formosensis, respectively, for convenience.
A total of 873 specimens, including 680 of S. boettgeri from 12 islands of the Miyako and Yaeyama Groups, southern Ryukyus, and 193 of S. formosensis from ten localities within Taiwan, were examined (see Fig. 1 , Table 1 , and Appendix 1 for locations of sampling localities in the southern Ryukyus and Taiwan, sample sizes, and information regarding voucher specimens, respectively). Each specimen was examined for 39 quantitative characters (23 meristic and 16 morphometric characters) including all of those meristic characters so far used in the classification of the genus Scincella. The 23 meritstic characters (symmetrical ones examined on the right side) included the numbers of: nuchals (N), supralabials (SL), infralabials (IL), supraciliars (SC), ciliars (C), presuboculars (PRSO), postoculars (PO), postsuboculars (PSO), suboculars (SBO), scales between secondary temporal and ear opening (SBTE), temporals in contact with pari- (Felsenstein, 1989) . This method, being free from most of the unfavorable attributes common to other clustering methods (de Queiroz and Good, 1997), was first devised for the construction of phylogenetic trees on the basis of genetic distance matrices, but has turned out to be useful in constructing phylograms using morphological distance matrices as well (e.g., Hikida, 1993; Ota et al., 1995 Ota et al., , 1999 .
In the preliminary analyses of covariance, most morphometric characters proved to allometrically vary in more or less size-related (and hence age -related) fashion. Moreover, some morphometric and meristic characters showed significant differences between male and female samples of single OTUs (i.e., putative representatives of single populations: see above) (details not given: relevant data are available from the senior author on request). We thus excluded morphometric data for juveniles and analyzed data for females and males separately to minimize the influences of age-and sex-related withinpopulation variations and sampling biases on results of the present analyses. Furthermore, to minimize the risk of overall shrinkage of canonical variation among samples, we processed data only for samples each consisting of more than three specimens. Consequently, one male sample of S. boettgeri (i.e., that from Kohamajima Island), and four female and two male samples of S. formosensis (i.e., those from Taipei, Yunlin, Chiayi, and Pingtung, and from Taipei and Pingtung, respectively) were excluded from meristic analyses. Also, two male samples of S. boettgeri (i.e., those from Ohgamijima and Sample numbers correspond to those in Fig. 1 and Table 1 .
Kohamajima Islands), and five female and three male samples of S. formosensis (i.e., those from Taipei, Yunlin, Chiayi, Tainan, and Pingtung, and from Taipei, Tainan, and Pingtung, respectively) were excluded from morphometric analyses.
RESULTS

Comparisons of S. boettgeri and S. formosensis by meristic characters.
The CDA of 23 meristic characters (Appendix 2) revealed that 81.0% and 84.0% of the total variations in females and males were expressed by the first three canonical variables, respectively (Table 2 ). In both females and males, scores of the first canonical variable were distinctly greater in the samples of S. boettgeri than in those of S. formosensis (Fig.  2) . By contrast, scores of the second and the third variables almost completely overlapped between the species in both sexes. Values of standardized coefficients (Table 2) indicated that in females the greatest proportion of variance on the first canonical axis was expressed by differences in the relative value of the number of scale rows covered by dorso-lateral stripe (SRB) (positive), and then by those of the number of scale rows between dorso-lateral stripes (SRBDLS) (positive). In males, the greatest proportion of variance on the first canonical axis was also expressed by differences in the relative value of SRB (positive), and then by those of the number of gular and ventral scales (GVS) (negative).
Figs. 3A and B present phenograms depicting results of NJ analyses of Mahalanobis distances from meristic variations in females and males, respectively (distance values not given). In both sexes, samples of S. boettgeri and S. formosensis constituted two separate clusters in the phenogram.
Comparisons of S. boettgeri and S. formosensis by morphometric characters.
The CDA of 16 morphometric characters (Appendix 3) revealed 75.2% and 78.2% of the total variations in females and males expressed in the first three canonical variables, respectively (Table 3 ). In females, scores of the first canonical variable were largely greater in the S. formosensis samples than in the S. boettgeri samples, but with a substantial range overlap. In males, scores of the first canonical variable were generally greater in the S. boettgeri samples than in the S. formosensis samples, but also with a partial range overlap. Ranges of scores of the second and the third variables almost completely overlapped between the two species in both sexes (Fig. 4) . Values of standardized coefficients (Table 3) indicated that in females the greatest proportion of variance on the first canonical axis was expressed by differences in the relative value of head depth (HD) (negative) and then by those of snout-vent length (SVL) (negative). In males, the Fig. 4 . Two-dimensional plots of scores of canonical variables for 16 morphometric characters in Scincella boettgeri and S. formosensis: A, the first against the second variables in females; B, the first against the third variables in females; C, the first against the second variables in males; D, the first against the third variables in males. Sample numbers correspond to those in Fig. 1 5 . Two-dimensional plots of scores of canonical variables for 23 meristic characters in Scincella boettgeri: A, the first against the second variables in females; B, the first against the third variables in females; C, the first against the second variables in males; D, the first against the third variables in males. Sample numbers correspond to those in Fig. 1 and Table 1. greatest proportion of variance on the first canonical axis was expressed by differences in the relative value of SVL (positive) and then by those of head length (HL) (negative).
Figs. 3C and D present phenograms depicting results of NJ analyses of Mahalanobis distances from morphometric variations in females and males, respectively (distance values not given). In both sexes, samples of S. boettgeri and S. formosensis constituted two separate clusters in the phenogram, except for the female sample of S. formosensis from Kaohsiung (21) which was located within the cluster of S. boettgeri.
Comparisons among populations of S. boettgeri by meristic characters.
The current assignments of the southern Ryukyu and Taiwanese populations to S. boettgeri and S. formosensis, respectively, were supported by the analyses of meristic characters, and, though not so strictly, also by those of morphometric characters. So, we also subjected meristic data sets for the two species separately to the analyses to maximize the discrimination of and clarify phenetic relationships among populations within each taxon.
The CDA of 23 meristic characters revealed 74.2% and 78.8% of the total variations in females and males of S. boettgeri expressed in the first three canonical axes, respectively (details not given). In females, two-dimensional plots of scores of the first two canonical variables discriminated the Taketomijima (7) and Haterumajima (11) samples from the others (Fig. 5A) . The Haterumajima sample, as well as the Iriomotejima (10) sample, was also largely deviated from the remaining samples in the plots of the first against the third variables (Fig. 5B) . In males, two-dimensional plots of scores of the first two canonical variables more or less differentiated the Taketomijima, Iriomotejima, and Haterumajima samples from the others but with substantial range overlaps (Fig. 5C ). The Haterumajima sample was most prominently differentiated from the remainder in the plots of the first against the third variables (Fig. 5D) .
Figs. 6A and B present phenograms depicting results of NJ analyses of Mahalanobis distances from meristic variations in females and males, respectively (distance values not given). It is noteworthy that, in both sexes, the Haterumajima sample was most divergent, and that in females, the Taramajima (5) and Yonagunijima (12) samples were apparently closest to the samples from Miyakojima and adjacent islands.
Comparisons among populations of S. formosensis by meristic characters.
The CDA of 23 meristic characters revealed 88.8% and 79.4% of the total variations in females and males of S. Fig. 7 . Two-dimensional plots of scores of canonical variables for 23 meristic characters in Scincella formosensis: A, the first against the second variables in females; B, the first against the third variables in females; C, the first against the second variables in males; D, the first against the third variables in males. Sample numbers correspond to those in Fig. 1 and Table 1 . Fig. 1 and Table 1. formosensis expressed in the first three canonical axes, respectively (details not given). Scores of the first canonical variable tended to be greater in the Kaohsiung (21) sample than in the others in both sexes. In the second and the third canonical variables, ranges of scores of most samples more or less overlapped with each other. Two-dimensional plots of scores of the first against the second or third variables clearly discriminated the Kaohsiung sample from the others, whereas the remaining samples showed substantial range overlaps (Fig. 7) . Values of standardized coefficients (details not given) indicate that in females and males the greatest proportions of the variance on the first canonical axis were expressed by differences in the relative values of the number of dark spots on dorsal part (DSD) (positive) and of dark spots on gular part (DSG) (positive), respectively.
Figs. 6C and D present phenograms depicting results of NJ analyses of Mahalanobis distances from meristic variations for females and males, respectively (distance values not given). The Kaohsiung sample was most divergent in both sexes.
DISCUSSION
Canonical discriminant analysis for meristic characters clearly discriminated S. boettgeri from S. formosensis in the current geographic delimitations. The analyses for morphometric characters also differentiated them, although it was expressed in a grosser manner. The clear discrimination of S. boettgeri from S. formosensis supports the recognition of the southern Ryukyu and Taiwanese populations as two separate taxa, invalidating Ouboter's (1986) assignments of all these and other East Asian populations to S. modesta without even recognizing subspecies therein as a practice of underestimation of taxonomic diversity in the East Asian herpetofauna. For the appropriate evaluation of the status of boettgeri and formosensis (i.e., as two separate full species or two conspecific subspecies), analyses incorporating samples representing other congeneric taxa, such as S. modesta and S. reevesii from the continent, are indispensable. We would like to propose to temporarily treat these allopatric taxa as two separate species following the most prevailing view (Ikehara et al., 1984; Ota, 1991b, 1998; Sengoku et al., 1996) until such more comprehensive studies, using not only morphological approach but also biochemical and molecular approaches, provide an unambiguous conclusion.
Great contributions of the numbers of scale rows covered by the dorso-lateral stripe on each side (SRB) and the dorsal interspace between the left and right stripes (SRBDLS) to the separation of S. boettgeri and S. formosensis along the first canonical axis may be associated with the apparent differences of the two taxa in each of these characters (SRB ranged from 2-4 in S. boettgeri and from 0.5 -2.5 in S. formosensis, and SRBDLS from 6 -8 in S. boettgeri and from 5-7 in S. formosensis: Appendix 2). Even so, however, it is obvious that neither of these can be regarded as a diagnostic character for the complete separation of the two taxa by itself. These results seem to lend limited supports to Van Denburgh (1912a, b), who argued that the relative breadth of the dorsolateral stripe is useful in separating S. boettgeri from S. formosensis. A few other diagnostic characters used by Van Denburgh, such as the numbers of middorsal scales (DS), midbody scale rows (MBSR), and the relative position of prefrontals (PF), though making relatively large contributions to some canonical variables in both males and females (Table  2) , also failed to discriminate S. boettgeri from S. formosensis clearly (Appendix 2).
The distribution of S. boettgeri, confined to the Miyako and Yaeyama Groups of the southern Ryukyus, is similar to those of several other reptile taxa that are also broadly distributed in but endemic to these two island groups (e.g., Eumeces kishinouyei, Japalura polygonata ishigakiensis, and Dinodon rufozonatum walli) (Ota, 1998 (Ota, , 2000 . Such a geographic pattern of endemism is considered to be a direct consequence of vicariance events between the southern Ryukyus and Taiwan sometime after the middle Pleistocene (e.g., Hikida et al., 1989; Ota, 1998; Hikida and Motokawa, 1999; Toda et al., 1999; Yasukawa and Ota, 1999), and thus does not support Kimura's (1996) hypothesis which assumes the landbridge connection of the whole Ryukyus to Taiwan during the middle to the late Pleistocene (0.2-0.02 Ma). The low divergence between S. boettgeri of the Miyako and Yaeyama Groups does not support Ota's (1998) paleogeographical picture, either, in which the current Miyako Group is assumed to have been first isolated from the Yaeyama Group while the latter was still connected to Taiwan in the middle Pleistocene. From the present results, as well as currently available distributional data for other taxa (see above), we consider that there was a large island in the area from Yonagunijima to Miyakojima sometime in the middle-late Pleistocene, which was more recently fragiled into the current Miyako and Yaeyama islands. Presence of a few species, which ranges are confined to one of the two island groups only, may reflect their original localized occurrences on the Miyako-Yaeyama super island, or their partial extinction subsequent to the collapse of this super island due to the reduction in habitat diversity on each of the resultant much smaller islands (Ota, 2000) .
Several previous authors reported that the NJ clustering of Mahalanobis distance matrices yields phenograms, in which historical relationships among conspecific island populations are reflected by the branching topology (e.g., Hikida, 1993; Ota et al., 1995 Ota et al., , 1999 . However, branching pattern in phenograms for the S. boettgeri samples obtained in our analyses (Figs. 6A, B) does not seem to be consistent with geohistorical relationships of the islands from which those samples were collected (compare these phenograms and the putative late Pleistocene land configuration of the southern Ryukyus given as Fig. 8 ). For example, in the phenograms, the Yonagunijima sample was located close to samples from some islands of the Miyako Group rather than to those from other Yaeyama islands lying between Yonagunijima Island and the Miyako Group. The branching pattern in the phenograms for the S. formosensis samples is not consistent with their topographical relationships (Fig.1) , either. Moreover, remarkably large phenetic divergences were recognized for the Haterumajima sample among the S. boettgeri samples, and for the Kaohsiung sample among the S. formosensis samples, despite great geohistorical and topographical proximities of the two samples to some other conspecific samples. These may suggest that in either of the two species, external quantitative characters have rapidly changed under the operations of differential selective pressures from some localized environmental factors, as was experimentally demonstrated for the Caribbean lizards by Malhotra and Thorpe (1991). Operation of the bottleneck effect after the isolation of populations in small islands, such as Haterumajima Island (12.75 km 2 ), may be also responsible for some of such discrepancies. Analyses of biochemical and molecular genetic data for the lizard populations, as well as of environmental variables of their habitats, are desired to examine these possibilities in detail. .84 (9-11) / T4S 15.40±1.82 (13-18) / SRBDLS 6.40±0.55 (6-7) / SRB 3.00±0.35 (2.5-3.5) / UESC 7.00±3.94 (4-13) / PF 0 (100.0%) 1 (0.0%) 2 (0.0%) / DSD 0 (0.0%) 1 (100.0%) / DSG 0 (60.0%) 1 (40.0%) / DSVT 0 (80.0%) 1 (20.0%); male (n = 3), N 2.33±0.57 (2-3) / SL 7.00±0.00 (-) / IL 6.00±0.00 (-) / SC 6.33±0.57 (6-7) / C 11.00±1.00 (10-12) / PRSO 2.00±0.00 (-) / PO 3.00±0.00 (-) / PSO 1.00±0.00 (-) / SBO 3.00±0.00 (-) / SBTE 3.00±0.00 (-) / TCP 2.00±0.00 (-) / GVS 64.67±3.21 (61-67) / DS 58.33±3.78 (54-61) / MBSR 28.67±1.15 (28-30) / F4S 10.33±0.58 (10-11) / T4S 16.33±1.53 (15-18) / SRBDLS 6.33±0.58 (6-7) / SRB 3.00±0.00 (-) / UESC 7.00±1.73 (6-9) / PF 0 (100.0%) 1 (0.0%) 2 (0.0%) / DSD 0 (0.0%) 1 (100.0%) / DSG 0 (0.0%) 1 (100.0%) / DSVT 0 (100.0%) 1 (0.0%) 7. Taketomijima; female (n = 7), N 3.19±0.59 (2-4) / SL 6.98±0.15 (6-7) / IL 6.00±0.00 (-) / SC 6.21±0.46 (6) (7) (8) 
ACKNOWLEDGMENTS
